Background: Twenty percent of patients with multiple myeloma (MM) have renal failure.
I MPAIRED RENAL function is present in more than 20% of patients with multiple myeloma (MM) at diagnosis. Renal insufficiency is usually caused by the so-called myeloma kidney and is associated with shortened survival. [1] [2] [3] [4] The degree of renal failure is generally moderate and reversible in up to 50% of patients, particularly when it is related to precipitating factors such as hypercalcemia. 3, [5] [6] [7] [8] However, in our experience, approximately 10% of patients with MM diagnosed in a general hospital have renal failure severe enough to require dialysis. 9 Despite its frequency and poor prognostic significance, few reports deal with the outcome of patients with MM and renal function impairment.
The purpose of this study is to report the presenting features, the response to therapy, and the factors associated with the reversibility of renal insufficiency and sur-vival in 94 patients with MM and renal failure from a single institution.
RESULTS

PATIENT CHARACTERISTICS
Renal failure was present in 94 (22.2%) of 423 patients at diagnosis. Table 1 shows the main characteristics at presentation of patients with and without renal failure. Patients with renal insufficiency had a poorer performance status, more advanced skeletal involvement, higher serum lactate dehydrogenase levels, and a higher degree of anemia and hypercalcemia. In fact, 87% of patients with renal failure were in stage III according to the system of Durie and Salmon, 12 whereas 44.1% of patients with normal renal function had stage III myeloma. Patients with renal failure more frequently had Bence Jones myeloma than did those with normal renal function.
ORIGINAL INVESTIGATION
REVERSIBILITY OF RENAL FAILURE
Of 91 patients with sufficient follow-up information, 24 (26%) recovered normal renal function. The average time to renal function recovery was 1.6 months. In all except 2 of these patients, renal function was recovered in less than 4 months. Only 4 (8%) of 50 patients with serum creatinine levels of 354 µmol/L or higher (Ն4 mg/dL) had reversible renal failure, whereas renal failure was reversible in 20 (48%) of 41 patients with creatinine levels lower than 354 µmol/L (Ͻ4 mg/dL). Fourteen (58%) of 24 patients who recovered renal function had hypercalcemia. In the univariate analysis, the features associated with renal function recovery were low serum creatinine level (PϽ.001), hypercalcemia (P=.02), amount of proteinuria (PϽ.001), and M-component type (Bence Jones vs others; P = .05). In the logistic regression analysis, only creatinine level (cutoff value, 354 µmol/L [4 mg/dL]; P = .001), calcemia (cutoff value, 2.88 mmol/L [11.5 mg/dL]; P = .02), and amount of proteinuria (cutoff value, 1 g/24 h; P = .02) independently affected renal function recovery ( Table 2) .
RESPONSE TO CHEMOTHERAPY
Twenty-nine (39%) of 75 evaluable patients with renal failure responded to chemotherapy, whereas the response rate among 264 evaluable patients with normal renal function was 56.4% (PϽ.001). Twenty-two (29%) of 75 patients with renal failure died during the first 2 months of treatment compared with 19 (7.2%) of 264 patients without renal failure (PϽ.001). If patients who died within the first 2 months of initiation of treatment are excluded, there are no significant differences in the response rate between patients with renal failure and those with normal renal function. Considering only the subgroup of patients with renal failure, among 33 evaluable patients treated with a single alkylating agent plus prednisone (melphalan and prednisone or cyclophosphamide and prednisone), the response rate was 24%, whereas in 42 evaluable patients who received combination chemotherapy (VCMP; VCMP and vincristine, carmustine,Adriamycin,andprednisone;orVAD),theresponse rate was 50% (P=.03).
SURVIVAL
The median survival of the 94 patients with renal failure was 8.6 months, whereas that of the 329 patients with normal renal function was 34.5 months (PϽ.001) (Figure 1 ). No significant differences were found between patients treated with a single alkylating agent plus prednisone and those receiving combination chemotherapy (median survival, 12.9 vs 14.2 months; P = .93). The median survival
PATIENTS AND METHODS
PATIENTS AND DIAGNOSTIC CRITERIA
From January 1969 to December 1994, 423 patients at our institution were diagnosed as having MM. The diagnosis of MM was made following the criteria of the Chronic Leukemia-Myeloma Task Force. 10 Patients with smoldering myeloma 11 were not considered, and all the patients included in the study had symptomatic disease. Patients were classified according to the staging system of Durie and Salmon. 12 Renal failure was defined as a serum creatinine level of 177 µmol/L or higher (Ն2 mg/dL). Reversibility of renal insufficiency required a sustained decrease in the serum creatinine level to less than 133 µmol/L (Ͻ1.5 mg/dL).
TREATMENT
All patients received supportive care with hydration and transfusions when needed. Hypercalcemia was treated with forced diuresis with saline solution and furosemide plus glucocorticoids. No bisphosphonates or calcitonin were used in this phase of the disease in our patients. Chemotherapy regimens consisted of cycles of melphalan and prednisone (31 patients); cyclophosphamide and prednisone (4 patients); vincristine sulfate,cyclophosphamide,melphalan,andprednisone(VCMP; 22 patients); alternating cycles of VCMP and vincristine, carmustine, doxorubicin hydrochloride (Adriamycin), and prednisone (23 patients); and vincristine sulfate, Adriamycin, and dexamethasone phosphate (VAD; 1 patient). Seven patients received low doses of alkylating agents on a continuous basis or prednisone alone, and 6 patients received no treatment because of their extremely poor clinical condition. Alkylating agents (ie, melphalan and cyclophosphamide), as well as carmustine and Adriamycin, were usually given at half doses in the first 2 cycles of chemotherapy; if no severe myelosuppression was observed in patients who recovered renal function, the doses of these agents were increased in subsequent courses. In addition to the supportive care and chemotherapy, patients were actively treated with dialysis when needed. Thus, 34 patients received renal replacement therapy with dialysis. The characteristics and outcomes of some of the patients included in this study requiring maintenance dialysis have been reported in detail elsewhere. 9 Furthermore, 9 patients were also treated with plasmapheresis.
CRITERIA OF RESPONSE TO CHEMOTHERAPY
Objective response was defined as (1) a reduction of 50% or more in the M-component size in both serum and urine, (2) a decrease of 50% or less in the size of plasmacytomas, and (3) improvement in the symptoms of bone pain and anemia and performance status, with no increase of lytic bone lesions and correction of hypercalcemia if initially present. 10 Patients who fulfilled all these criteria but who did not achieve a 50% or more reduction in the M-component size were considered to have partial response or improvement. Patients who did not fulfill the criteria for objective or partial response were considered treatment failures. 10
STATISTICAL METHODS
The 2 and Fisher exact tests were used to assess the statistical significance of multiple comparisons. Survival curves were plotted according to the method of Kaplan and Meier 13 and were statistically compared by means of the log-rank test. 14 The multivariate analysis was performed by logistic regression 15 for reversibility of renal failure and by the stepwise proportional hazards regression method of Cox for survival. 16 Data were analyzedwithastatisticalsoftwarepackage(BMDP,Berkeley,Calif). of patients who recovered from renal failure was 28.3 months vs 3.8 months for those with irreversible renal failure (PϽ.001) (Figure 2 ). No significant differences in survival were found in patients with normal renal function vs those with reversible renal failure (median, 34.5 vs 28.3 months; P = .97) (Figure 3 ). The features significantly correlated with survival in the univariate analysis were serum lactate dehydrogenase (P = .007), creatinine (P = .02), and albumin (P = .03) levels; renal function recovery (P = .004); and response to chemotherapy (PϽ.001). However, in the multivariate analysis, only creatinine level (P = .003) and response to chemotherapy (PϽ.001) retained their prognostic significance.
COMMENT
Renal failure is a critical prognostic factor in MM that is found in about 20% of patients at diagnosis. [1] [2] [3] [4] The basic pathogenetic lesion leading to renal failure is the so-called myeloma kidney caused by light-chain cast nephropathy. 1, 17 The incidence and the degree of renal failure varies considerably from one series to another because of the differences between the populations included in the studies and the criteria used to define renal failure. In our series from a tertiary hospital, 22.2% of patients with MM had a serum creatinine level of 177 µmol/L or greater (Ն2 mg/dL) at diagnosis. In another large series 3 from a single institution using the same definition for renal failure, the incidence of renal insufficiency was 18%, whereas in a recently reported multicentric study 4 in which the creatinine limit to define renal failure was 133 µmol/L (1.5 mg/dL), its frequency was 31%.
Renal failure often seems to be a manifestation of high tumor mass myeloma. Renal failure is correlated with high light-chain urine protein excretion, extensive bone destruction with the associated hypercalcemia, a high serum lactate dehydrogenase level, and anemia partially reflecting extensive bone marrow involvement, all this leading to a poor outcome. 3, 7, 8, 18 In fact, 87% of our patients with renal insufficiency were in stage III. As in other series, 4, 6, 7, [19] [20] [21] [22] [23] [24] [25] [26] Bence Jones myeloma was more frequently observed in patients with renal failure.
Data on the reversibility of renal function in MM are controversial. When defining renal function recovery as a decrease in the serum creatinine level to less than 133 µmol/L (Ͻ1.5 mg/dL) is required, the reversibility rate ranges from 20.5% to 55%. 3, [6] [7] [8] [18] [19] [20] In our series, 26% of patients recovered normal renal function. Only 8% of our patients with severe renal failure (ie, serum creatinine levels Ն354 µmol/L [Ն4 mg/dL]) recovered renal function. In this sense, in 34 of the 94 patients from this series, renal replacement therapy with dialysis was necessary. 9 As reported by other authors, [21] [22] [23] [24] [25] 27, 28 the recovery rate in patients with renal failure severe enough to require dialysis was low in our series. 9 In contrast, in about half of the patients with a serum creatinine level lower than 354 µmol/L (Ͻ4 mg/dL), renal function impairment was completely reversible. In fact, in the logistic regression analysis, factors associated with renal function recovery were serum creatinine level (Ͻ354 µmol/L [Ͻ4 mg/dL]), amount of proteinuria (Ͻ1 g/24 h), and serum calcium level (Ն2.88 mmol/L [Ն11.5 mg/dL]). Patients with a lower degree of renal failure, less proteinuria with damage to the renal tubules, and reversible hypercalcemia as a major cause for the renal failure were most likely to have reversible renal failure. The effect of the degree of renal failure on reversibility has also been demonstrated by others. 3, 7 However, in other studies 6, 18 including smaller numbers of patients, no correlation was found between serum creatinine level and reversibility of renal function. In the series by Alexanian et al, 3 the frequency of patients with hypercalcemia,asestimatedfromtheresults,washigherthan in our study (57% vs 38%). This fact, and the lower proportion of patients with advanced renal failure requiring dialysis, probably accounted for the higher reversibility rate (51%) observed in the above-mentioned series. 3 As in another large study, 3 the average time to renal function normalization was less than 2 months, and only 2 patients required more than 4 months to recover renal function. Little information is available on the response to therapy in patients with MM and renal failure. In 3 studies, 19, 24, 27 the response rate ranged from 43% to 50%. In our series, the 39% response rate is significantly lower than the 56.4% response rate observed in patients with normal renal function. However, the lower response rate in patients with renal failure is because 30% of them died within the first 2 months of diagnosis compared with early death of only 7% among patients with normal renal function. Indeed, if patients dying during the first 2 months after starting treatment are excluded, the response to therapy is similar irrespective of whether they had impaired renal function. Thus, renal failure by itself does not imply resistance to chemotherapy. 3 Our results concerning response rate are similar to those reported by Alexanian et al. 3 These authors, using the Southwest Oncology Group criteria, found that slightly more than one third of their patients responded to chemotherapy. The response rate in patients given combination chemotherapy was significantly higher than that of those receiving a single al-kylating agent plus prednisone. This is in agreement with the results of most myeloma trials. 29, 30 In patients with MM and renal failure, the reported median survival ranges from 4 months to slightly more than 1 year. 3, 5, 7, [18] [19] [20] The median survival of approximately 9 months observed in our patients is within this range. Unfortunately, the high mortality rate of approximately 30% within the first 2 months of diagnosis is still a constant finding in patients with MM and renal failure, 1, 18, 20, 26, 31, 32 which results in the short median survival observed in all the series. It has been stressed that in patients with renal failure, cycles of melphalan and prednisone are not the most appropriate treatment because the need for dose adjustment of melphalan to avoid severe myelosuppression may imply the risk of suboptimal treatment. 33, 34 Conversely,combinationchemotherapycould produceamorerapidresponsewithafasterreductioninlightchainproteinproduction,therebyavoidingfurtherrenaldamage. 34, 35 However, as in a general myeloma series, 36 the survival of our patients treated with single alkylating agents plus prednisone was similar to that of those treated with combination chemotherapy. It also has been suggested that chemotherapy with a 4-day continuous infusion of VAD 35 could be better than more conventional treatments in patients with MM and renal failure. However, this notion has not been investigated in prospective trials. Patients with renal failure are usually excluded from high-dose therapy followed by stem cell rescue. However, results of a recent study 37 show that high-dose melphalan pharmacokinetics is not affected by renal function impairment. Moreover, the results of autotransplantation in 23 patients with MM and renal failure showed that in patients with renal insufficiency toxic effects, kinetics of engraftment and even-free survival were comparable with those observed in patients with normal renal function. 38 However, overall survival was shorter in patients with renal failure, and normalization of renal function occurred in 4 (17%) of 23 patients. It has been suggested that rapid removal of light chains with chemotherapy and plasmapheresis could prevent irreversible renal failure. 7, 18, 26, 31 In fact, in a randomized trial, 28 plasmapheresis and chemotherapy decreased the serum M-protein more rapidly than chemotherapyalone.However,whenseveremyelomacastnephropathy is already present, plasmapheresis is unlikely to be of benefit. 28 In the experience of Torra et al, 9 plasmapheresis was not helpful in patients with renal failure severe enough to requiredialysis.Aprogramof VADchemotherapyplusplasma exchange with serial measurements of the light chains in patients with acute severe renal failure still not requiring dialysis is going to be started. In contrast to the results reported in other series, 3,5 the survival of patients who recovered normal renal function was significantly longer than that of those with nonreversible renal failure. More important, perhaps, survival in the latter patients was not different from that of patients with normal renal function. Whereas in some studies 3, 5 no correlation between survival and the degree of renal failure was found, the severity of renal failure was an independent prognostic factor in our series. The most important prognostic factor associated with significantly longer survival was response to chemotherapy. Response to treatment was recognized as the most significant prognostic factor in a previous study of our overall myeloma series 39 and also has been associated with a highly significant survival benefit in a series of patients with MM and renal failure. 3 In summary, in our series, almost one fourth of the patients with MM had renal failure at diagnosis. About 40% of the patients responded to chemotherapy, and the factors associated with renal function recovery were degree of renal failure (serum creatinine level, Ͻ354 µmol/L [Ͻ4 mg/dL]), presence of hypercalcemia (calcium level, Ն2.88 mmol/L [Ն11.5 mg/dL]), and amount of proteinuria (Ͻ1 g/24 h). Response to chemotherapy and the severity of renal failure were the only independent prognostic factors associated with significantly longer survival.
